We show that AM Her displays the transitions between the high and low states with an intermittently existing dominant cycle with length between 400 and 800 days. Moreover, these transitions accumulate in clusters, which produces an additional long cycle after smoothing; a single isolated short episode of the low state does not suggest a break of this cycle. The seasons of existence of the cycle can be controlled by the lifetime of the active regions (e.g. prominences, spots) on the donor. In some high-state episodes, a higher luminosity of the bremsstrahlung emission is not accompanied by a higher optical (cyclotron+stream) emission. Part of the bremsstrahlung emission can be buried in some episodes. Changes of the structure of the accretion region(s) are necessary to explain the variations of the optical and X-ray activity in the high-state episodes of AM Her.
Introduction
AM Her is the prototype of polars (e.g. [19] ). Its activity is dominated by the large-amplitude long-term variations: alternating high and low states of the optical brightness usually on the timescales of months and years (e.g. [8, 21, 10] ). A small accreting region (about 0.1 of the radius of the white dwarf (WD)) near the magnetic pole of this object is the source of radiation and polarization of polar via several processes: cyclotron (accretion column -mainly optical and IR emission), thermal (soft X-rays -surface of the WD heated by the accreting region), bremsstrahlung (accretion column -hard X-rays) (e.g. [19, 15] ). The conditions in this region and the mass accretion rate play an important role in governing the observed activity.
2 Long-Term Activity in the Optical Band Fig. 1a shows the long-term activity of AM Her in the optical band spanning about 32.7 years. The data come from the AAVSO International database (Massachusetts, USA) [6] . The highly variable orbital modulation has a large amplitude mainly in the high state (e.g. [9, 10] ), so the character of the long-term activity is less discernible. Fig. 1a therefore shows the HEC13 fit running through the orbital modulation (each point is a smoothed value of brightness in the night of observing).The division between the high and low states is 14.3 mag(V ). The properties of the statistical distribution of brightness of the high states strongly evolve with time (Fig. 1cd) . The typical high-state brightness is near the middle of the distribution on the magnitude scale in most time segments. The low states often show skewness of brightness toward the brighter magnitudes.
The fuzzy bright edge of the high-state brightness, smoothed over the orbital modulation, in the histogram suggests that the high state is not a uniquely defined level of luminosity of AM Her (Fig. 1cd ). It is questionable whether any "unperturbed" state of the system exists et all. A typical strength of the active regions (large loops of magnetically confined gas near the donor due to its magnetic activity [9] and star spots [13, 7] ) during the high state is therefore needed (the times of the quite quiescent donor are thus very rare). In the scenario proposed by [21] , this statistical distribution also suggests a typical configuration of the magnetic field of the whole system (donor+WD), around which the system balances during the high state of activity.
The brightness of the low states in AM Her often stabilizes at the baseline level. The mass transfer via Roche lobe overflow almost ceases, only clumpy accretion onto the WD from the donor's wind remains [3, 9] . The strong skewness of brightness in Fig. 1cd can emerge if the HEC13 fit runs through the variably recurring brightenings.
Moving averages (MA) of brightness with various filter half-widths Q enable to search for the evolution of the optical activity of AM Her on timescales of several years, significantly longer than the duration of the individual episodes of the high or low states (Fig. 1) . The transitions between these states tend to occur in clusters in AM Her. Smoothing then reveals a long cycle because of the variable clustering of the episodes of the low states. Since the borders of these clusters are fuzzy, a smooth profile of the cycle results when MA are applied. A single isolated short episode of the high or the low state does not suggest a break of this cycle since the cycle is caused by the repeating accumulations of these transitions in clusters. Some long cycles thus may not be easily discernible without investigating the variations of the parameters of activity, which MA enable (Fig. 1ab ). Search for the cycle-length in the transitions between the high and low states from Fig. 1a was carried out also with the weighted wavelet Z-transform (WWZ) developed by [1] . This method enables one to determine the period and amplitude of unevenly sampled time series. WWZ indicates whether or not there is a periodic fluctuation at a given time at a given frequency f (Fig. 2a) .
The WWZ-transform really finds that the transitions between the states are not quite chaotic. A dominant cycle in the transitions really exists. However, the cycle-length of the transitions is not stable and this cycle is not conclusively detected in some time segments. Fig. 2b shows the best cycle-length, determined from f that has the biggest value of WWZ at a given time (only the segments in which the amplitude is larger than 60 percent of its peak value in the investigated range of f ). In summary, this cycle is characteristic only for a limited time segment. It is intermittent and unstable in length. Moreover, the WWZ-method shows also another temporarily existing shorter cycles in Fig. 2a . [11] .
The differential rotation of the lobe-filling donor (modeled by [18] ) can influence the position of the above-mentioned active regions on the donor with respect to the L1 point. The breaks of the cycle of the transitions between the high and the low states in AM Her can be caused by a limited lifetime of the above-mentioned active regions connected with the activity of the donor. In AM Her, increase of the mass transfer rate from the donor (giving rise to a high-state episode) also establishes specific division of the emission into various spectral regions during the accretion process ( Fig. 3 ) (see our analysis in [17] for details). The properties of the emitting region(s) on the WD are established in the early phase of the high-state episode (but not reproduced for every episode) of AM Her. A higher luminosity of the bremsstrahlung emission may not be always accompanied by a higher optical (cyclotron+stream) emission in a given episode of the high state (the intensities in both of these bands were averaged over the orbital period) [17] . This can significantly differ even for two consecutive episodes (Fig. 3bc) . This relation of intensities is representative for the whole such episode.
Purely geometric effects (asynchronous rotation of the WD, precession of the WD spin axis) cannot explain the observations -gradual evolution of the X-ray and optical intensities with time would be needed (see [17] for details).
We propose the following scenario. The source of the bremsstrahlung emission is confined to a smaller region than that of the cyclotron emission. Part of the bremsstrahlung emission is buried in some high-state episodes. Since there is no smooth transition of the ratio of the optical and hard X-ray intensities [17] , it suggests that the role of several modes of accretion is worth considering. 
Role of the Accretion Modes
The orbital modulation of AM Her displays significant changes in both the optical and X-ray spectral regions. Unexpected mode of the X-ray (soft: 0.1-0.31 keV, hard: 1.9-8.5 keV) orbital modulation was observed in two observing runs of the same optical high state by [4] . It suggested a two-pole accretion mode in which the primary pole was the dominant emitter of the hard X-rays while the secondary pole was dominant in the soft X-rays.
The accretion mode is representative only for a given high-state episode of AM Her [14] . A short episode of the high state (but less bright than most other highstate episodes) displayed a single-pole accretion mode with a self-occultation of the primary pole, resulting in a deep primary minimum in the bands between E = 0.6 and 10 keV, but no sign of the secondary minimum. The subsequent brighter high state displayed a two-pole accretion mode with a shallow primary minimum in the 2-30 keV band, suggesting the big dimensions of the accretion region. The secondary minimum occurred only in the soft band (1-2 keV), suggesting that the secondary pole is the dominant emitter of the soft X-rays. The same situation as those observed in one of the previous high states by [4] , that is the primary pole dominant in the hard X-rays and the secondary one dominant in soft X-rays, thus repeated. Also cyclotron emission undergoes peculiar changes with the accretion mode. In the above-mentioned bright high state observed by [14] , cyclotron emission from a region at the primary accreting pole dominated in the V -band [2] . Since a two-pole accretion was determined from polarization of the optical emission for another high-state episode by [20] , it suggests that the accretion modes are very unstable in AM Her.
Changes of the structure of the accretion region(s) are necessary to explain the variations of the optical and X-ray orbital modulation in the individual episodes of the high state in AM Her. The accretion modes (singlepole accretion, two-pole accretion) vary with time; they may be characteristic for a given high-state episode, but not for another one. Since the properties of the accretion region at the primary pole largely differ from those at the secondary pole, these changes of the accretion modes contribute to the complicated long-term activity.
The transition from the high to the low state is accompanied by dramatic changes of the size and structure of the cyclotron-emitting accretion region in AM Her (Fig. 4) . A decrease of the dimensions of the accretion region(s) during the transition emerges from these facts: the rises and declines between the extremes of brightness (especially of the branches of the primary minimum) become progressively steeper, the amplitude of the modulation increases, the eclipse of the primary pole becomes very prominent. During the final phase of the high-state episode, the properties of the cyclotronemitting region do not scale exactly with the optical luminosity.
AM Her appears to have the primary accreting region close to the position which is close to the grazing eclipse; a slight increase of its vertical and/or horizontal dimensions (and variable position) can give rise to a highly variable orbital modulation. This is visible not only for the site of the cyclotron emission (Fig. 4) , but also for the site of the bremsstrahlung emission which can increase so much that it even becomes temporarily uneclipsed in some high states [16] . 
Conclusions
In AM Her, the optical emission displays cycles in the transitions between the high and low states, which are detectable only for the limited time segments. In addition to the intermittent cycle of the transitions, accumulation of episodes of the low states in clusters produces an additional, long cycle of activity. A single isolated short episode of the low state does not suggest a break of this cycle. This has a consequence for the structures and their lifetimes on the donor and/or the changes of the configuration of the magnetic field in the whole system.
The configuration of the accreting matter influences the emission of AM Her in various spectral bands. The accretion modes (single-pole accretion, two-pole accretion) vary with time (from one high-state episode to another). Also the changes of the accretion region(s) and/or accretion modes are necessary to explain the relation between the optical and X-ray emission in the high states.
